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Introduction
One of the most dangerous pests of winter rape is a complex of the undulating flea beetles that can do harm to the plants from the phase of sprouting and until the harvest ripening. Undulating flea beetles are a complex of species, namely Phyllotreta atra F., Phyllotreta nigripes F, Phyllotreta nemorum L., Phyllotreta undulata Kutsch., Phyllotreta vitata Redt., and Phyllotrta armoracie Koch which belong to the genus of Phyllotreta. The species are very widely spread. The most harmful pests have been found in the North Caucasus, the Lower Volga region and other places characterised by early, friendly and warm spring. They cause a great harm in Eastern and Western Siberia and in the Upper Volga region. In Ukraine they can be found everywhere; but the most numerous number of these pests is found in the south of the Forest-Steppe zone and in the Steppe region (Palyi, 1962) .
Ukrainian Journal of Ecology, 9(3), 2019 At the beginning of the XXI century plant protection becomes more ecologically oriented. The advantage is given to less toxic preparations with low rates of applying. The presowing protection becomes especially relevant; and if the economic threshold of harmfulness in the phase of sprouting is exceeded then it will be recommended to spray the crops with the insecticides authorised to use (Fedorenko, Luhovskyi, 2011; Stankevych, Yevtushenko, Krasylovets, 2014; Stankevych, 2015; Stankevych, Kava, 2015) .
Methods
The research was carried out in 2010-2012. The soil was typical chernozem with a content of humus in the arable layer of about 5.3%. After the preceding crop of winter wheat spring rape of Ataman variety was sown at a rate of 2.5 million of germinating seeds per 1 hectare in two blocks: without the fertilizers and with the applying of a complex of the mineral fertilizers (N30P30K30). The agrarian equipment was common for the cultivation zone. The seeds of spring rape were sprayed with the preparations of insect fungicide and fungicide actions on the day before sowing according to the List of the pesticides and agrochemicals authorized for use in Ukraine. During the phase of sprouting (not later than 4 true leaves appeared) the crops of spring rape were sprayed with Karate Zeon insecticide, 5% of microcapsule water suspension with a rate of consumption of 0.15 L/ha. The scheme of the research in 2010: 1. Royal FLO, 48% of water and suspension concentrate (5.0 L/t) + Karate Zeon, 5% of microcapsule water suspension (0.15 L/ha in the phase of sprouting); 2. Maxim ХL 035 FS, 35% of liquid suspension concentrate (5.0 L/t)+Karate Zeon, 5% of microcapsule water suspension (0.15 L/ha in the phase of sprouting); 3. Royal FLO, 48% of water and suspension concentrate +Taboo, 50% of suspension concentrate (5.0+6.0 L/t)+Karate Zeon, 5% of microcapsule water suspension (0.15 L/ha in the phase of sprouting); 4. Maxim ХL 035 FS, 35% of liquid suspension concentrate +Cruiser, 35% of liquid suspension concentrate (5.0 +4.0 L/t) + Karate Zeon, 5% of microcapsule water suspension (0.,15 L./ha in the phase of sprouting). The scheme of the research in 2011-2012: 1. Control, water (Н 2 О) (10.,0 L/t) + Karate Zeon, 5% of microcapsule water suspension (0.15 L/ha in the phase of sprouting); 2. Royal FLO, 48% of water and suspension concentrate (5.0 L/t)+Karate Zeon, 5% of microcapsule water suspension (0.15 L/ha in the phase of sprouting); 3. Maxim ХL 035 FS, 35% of liquid suspension concentrate (5.0 L/t)+Karate Zeon, 5% of microcapsule water suspension (0.15 L/ha in the phase of sprouting); 4. Royal FLO, 48% of water and suspension concentrate +Taboo, 50% of suspension concentrate (5,0+6,0 L./t)+Karate Zeon, 5% of microcapsule water suspension (0,15 L./ha in the phase of sprouting); 5. Maxim ХL 035 FS, 35% of liquid suspension concentrate +Cruiser, 35% of liquid suspension concentrate (5.0+4.0 L/t)+Karate Zeon, 5% of microcapsule water suspension (0.15 L./ha in the phase of sprouting). When spraying the crops the technical efficiency of the preparations against the main rape pests was determined by the formula:
where Т-technical efficiency, %; а -density of the pests population before spraying, b -density of the pests population in 3, 7 or 14 days after spraying (Recommendations, 1975; Methods of calculation, 1976; Triebel and others, 2001 ). The economic efficiency or increase in the yield was determined according to the following formula:
where І -increase in the yield, %; a -average yield from a calculated unit on a cultivated plot, t.; b -average yield from a calculated unit on a plot under control, t. (Recommendations, 1975; Methods of calculation, 1976; Triebel and others, 2001) . The degree of spring rape sprouts damaged by the undulating flea beetles was determined on a scale of 0 to 5: mark 0 -no damage; mark 1 -damage up to 25%; mark 2 -26-50% of damage; mark 3 -51-75% of damage; mark 4 -more than 75% of the leaf surface of the plant are damaged. The average degree of the damaged spring rape sprouts was determined by the formula:
where D -average degree of damage; ∑(п × b) -sum of damaged plants of the corresponding damage degree; n -total number of plants in the test. The coefficient of the damaged spring rape sprouts was determined by the formula:
where C-coefficient of damage; a-proportion of damaged plants, %; b-average degree of damage.
The influence of the seed treatment agents on the sowing quality of seeds was determined in accordance with the State Standard of Ukraine 4138-2002 in the laboratory of the Phytopathology Department of Kharkiv National Agrarian University named after V.V. Dokuchaiev and at the Educational and Scientific Centre of the Soil Science and Agro-Chemistry Institute named after O.N. Sokolovskyi of the National Academy of Agrarian Sciences of Ukraine. In order to determine the influence of the seed treatment agents on the seed germination under the laboratory conditions the seed material was placed into Petri dishes (100 seeds of each variant) which were then placed into a thermostat at a temperature of 20°C; further the seed material was moistened every day to maintain a constant level of 60% moisture. The seed germination rates were fixed on the 3 rd , 5 th , 7 th and 9 th days.
Results and Discussion
The necessity to conduct the presowing treatment and spraying of the plants in the phase of sprouting is explained by the fact that for the years of the researches the density of the undulating flea beetles population on the spring rape sprouts reached 81.4 specimens per m² that exceeded the economic threshold of harmfulness (3 specimens per m²) 27.1 times. Such a number of pests can lead to the loss of crops within a few hours. When treating the seeds with the tank mix of the fungicide treatment agent Royal FLO, 48% of water and suspension concentrate together with the insecticide treatment agent Taboo, 50% of suspension concentrate the density of the fleas population on the sprouts was 8.9 specimens per m² and exceeded the economic threshold of harmfulness almost 3 times. When treating the seeds with the tank mix of the fungicide treatment agent Maxim XL 035 FS together with Cruiser, 35% of liquid suspension concentrate the density of the fleas population on the sprouts was 8,2 specimens per m² and exceeded the economic threshold of harmfulness 2.7 times. Thus the presowing toxicity of spring rape seeds does not provide a reduction in the density of the undulating flea beetles population during their mass reproduction to the level of the economic threshold of harmfulness (Table 1) . Table 6 data for 2010-2012.
The efficiency of protection from the undulating flea beetles on the spring rape crops by the method of the ground spraying with the insecticide Karate Zeon, 5% of microcapsule water suspension was determined in the phenophase of 2 true leaves (the beginning of the first decade of May). The population density of the undulating flea beetles before spraying amounted to 81.4 specimens per m² and exceeded the economic threshold of harmfulness (3 specimens per m²) 27.1 times. In 3 days after spraying their population density under control was 102.3 specimens per m² and exceeded the economic threshold of harmfulness 34.1 times. In the variant with the crops spraying with the insecticide Karate Zeon, 5% of microcapsule and water suspension the density of the fleas population in 3 days after spraying was 5.7 specimens per m² and exceeded the economic threshold of harmfulness 1.9 times. So the spraying of rape crops in the phase of sprouts (2 true leaves) does not provide a reduction in the density of the undulating flea beetles population during their mass reproduction to the level of the economic threshold of harmfulness (Table 2) . Table 2 . Efficiency of spring rape sprouts protection from undulating flea beetles in phenophase of 2 true leaves by ground spraying. The efficiency of controlling the undulating flea beetles on the spring rape crops by the method of the presowing seeds treatment with the insecticide seed treatment agents Taboo, 50% of suspension concentrate and Cruiser, 35% of liquid suspension concentrate and spraying the crops in the phase of sprouting with the insecticide Karate Zeon, 5% of microcapsule water suspension was noted in the phase of sprouting, namely in the phase of 2 true leaves of spring rape (the beginning of the first decade of May). Below we presented the data on efficiency of spring rape crops protection from undulating flea beetles by presowing toxicity and ground spraying in phenophase of sprouting. That is the presowing toxicity of spring rape seeds with the subsequent ground spraying of crops in the phase of sprouts (2 pairs of true leaves) provides a decrease in the density of the undulating fleas population 7,5-10 times below the level of the economic threshold of harmfulness. The field germination of the seeds was determined and the inspection as for the damage of the sprouts by the leaf pests was carried out when the spring rape sprouts appeared. Before harvesting the test sheaves were selected and the average height of the plants, the number of productive branches, the number of productive and unproductive pods, the number of pods damaged by the sucking pests, the average number of seeds in each pod and the number of frail seeds were determined. The yield purification, the moisture content determination, the weight of 1000 seeds, the actual yield capacity and the determination of other indices were carried out after harvesting the crops. The data concerning the influence of seed treatment agents on germination and damage of sprouts caused by leaf pests, quantitative and qualitative indices of rape crop yield capacity against the background without and with fertilizers are given in Tables 4 and 5 . Analysing the data from Figures 1 and 2 we suggested that the yield capacity of spring rape both against the background with the fertilizers (N30P30K30) and against the background without applying the fertilizers significantly depends on the degree of the sprouts damaged by the leaf pests. It is slightly higher against the background without applying the fertilizers, R²=0.9995 vs. R²=0.9911 against the background with the fertilizers. From the data given in the diagrams it is seen that the critical point after which there is a rapid decrease in the yield capacity is the plants damage from two degrees and more.
Variants of research Litres 1 ha of crops
Ukrainian Journal of Ecology, 9(3), 2019 Analysing Figures 3 and 4 we concluded that the damage of the spring rape sprouts by leaf pests both against the background with the fertilizers (N30P30K30) and against the background without applying the fertilizers significantly influences the weight of 1000 seeds. It is slightly lower against the background without applying the fertilizers, R²=0.875 vs. R²=0.9986 against the background with the fertilizers. From the data given in the diagrams it is seen that the critical point after which there is a rapid decrease in the weight of 1000 seeds against the background with the fertilizers is the plants damage from 1.5 degrees and more; and against the background without the fertilizers the weight of 1000 seeds is decreasing beginning from two degrees and more. The most damaged crops of spring rape were in the variant under control; the damage was 94 %. In the variants with the fungicide seed treatment agents Royal FLO, 48% of water and suspension concentrate (5,0 L./t.)+Karate Zeon, 5% of microcapsule water suspension (0.15 L./ha in the phase of sprouting) and Maxim XL 035 FS, 35% of liquid suspension concentrate (5.0 L/t)+Karate Zeon, 5% of microcapsule water suspension (0.15 L/ha in the phase of sprouting) the damage of plants was slightly less than in the variant under control and amounted to 85 %; this fact can be explained by a more friendly and better plants germination since the given preparations do not exhibit the insecticide action. The highest yield against the background with the fertilizers (N30P30K30) was in the variants of Royal FLO, 48% of water and suspension concentrate+Taboo, 50% of suspension concentrate (5.0+6.0 L/t)+ Karate Zeon, 5% of microcapsule water suspension (0.15 L/ha in the phase of sprouting) and Maxim XL 035 FS, 35% of liquid suspension concentrate + Cruiser, 35% of liquid suspension concentrate (5.0+4.0 L/t)+Karate Zeon, 5% of microcapsule water suspension (0.15 L/ha in the phase of sprouting) and it amounted to 0.307 and 0.322 t/ha (Table 6 ). Average in a block with fertilizers 0.181 -НІР05 according to research variants (factor А) -90.26 НІР 05 according to background (factor В) -8.58
In the variants with the fungicide seed treatment agents Royal FLO, 48% of water and suspension concentrate (5.0 L./t.)+Karate Zeon, 5% of microcapsule water suspension (0.15 L./ha in the phase of sprouting) and Maxim XL 035 FS, 35% of liquid suspension concentrate (5.0 L./t.)+Karate Zeon, 5% of microcapsule water suspension (0.15 L./ha in the phase of sprouting) the yield was at the level of 0.205 and 0.229 t./ha. In the variant under control the yield was the lowest one and amounted only to 0.071 t./ha. When treating the seeds the insecticides not only protect the sprouts of the agricultural crops from the pests, but being the biologically active substances, they certainly influence the initial growth and development of plants. With the introduction of organic insecticides this problem has acquired a great practical and theoretical importance in the chemical protection of plants. The scientific literature data indicate the negative influence of the insecticides on the processes of vital functions of the plants treated with the preparations during the vegetative period. However there is almost no information about the influence of such insecticides on the seeds treated with them, although they are decisive when applying the preparations according to this technology. The reaction of cereals and other crops to the biologically active insecticides has been experimentally proven in the case of organic and chlorine and organic and phosphorus compounds. The data of the authors show that the nature of the plants reaction to the insecticides depends on the class of the toxicant chemical compounds, the norms of expenditure and the conditions of the crop cultivation. As a result of the researches concerning the influence of the seed treatment agents on the rape seeds germination under the laboratory conditions we obtained the data given in Table 7 . (about 16 %) . In the spring the first undulating flea beetles appear on the early cabbage weeds (first of all on colza), when the average daily temperature is at the level of 7-11°С; it is the beginning of the first and third decades of April. The mass appearance of the undulating flea beetles occurs when the average daily temperatures exceed 11°C and the sum of the effective temperatures above 5°C is 101°C-130°C, and it is the middle of the second and the third decades of April. The damage of spring rape sprouts caused by the leaf beetles both against the background with the fertilizers (N30P30K30) and against the background without the fertilizers significantly influences the weight of 1000 seeds. Against the background without the fertilizers it is a little less and R²=0.875 while against the background with the fertilizers R² = 0.9986. The critical point after which there is a rapid decrease in the weight of 1000 seeds against the background with the fertilizers is the plants damage from 1.5 degrees and more; against the background without applying the fertilizers the weight of 1000 seeds is decreasing beginning from the damage of two degrees and more. The yield capacity of spring rape both against the background with the fertilizers (N30P30K30) and against the background without applying the fertilizers significantly depends on the degree of the sprouts damaged by the leaf pests. It is slightly higher against the background without applying the fertilizers, R²=0.9995 vs. R²=0.9911 against the background with the fertilizers. The critical point after which there is a rapid decrease in the yield capacity is the plants damage from two degrees and more. The presowing toxicity of spring rape seeds with the subsequent ground spraying of crops in the phase of sprouting (2 pairs of true leaves) provides a decrease in the density of the undulating fleas population 7.5-10 times less than the level of the economic threshold of harmfulness. The best field germination of spring rape seeds both against the background without the fertilizers and against the background with the fertilizers was in the variants when applying Royal FLO, 48% of water suspension concentrate+Taboo, 50% of suspension concentrate (5.0+6.0 L/t)+Karate Zeon, 5% of microcapsule water suspension (0.15 L/ha in the phase of sprouting) and Maxim XL 035 FS, 35% of liquid suspension concentrate+Cruiser, 35% of liquid suspension concentrate (5,0+4.0 L/t) + Karate Zeon, 5% of microcapsule water suspension (0.15 L/ha in the phase of sprouting) and amounted to 185 and 221 plants per m² respectively against the background without the fertilizers; against the background with the fertilizers the field germination was 209 and 213 plants per m² respectively. The least number of spring rape sprouts damaged by the leaf pests against both backgrounds was in the variants when applying the insecticide seed treatment agents Royal FLO, 48% of water and suspension concentrate+Taboo, 50% of suspension concentrate (5.0+6.0 L/t)+Karate Zeon, 5% of microcapsule water suspension (0.15 L/ha in the phase of sprouting) and Maxim XL 035 FS, 35% of liquid suspension concentrate+Cruiser, 35% of liquid suspension concentrate (5.0+4.0 L/t)+Karate Zeon, 5% of microcapsule water suspension (0.15 L/ha in the phase of sprouting) and ammounted to 40 and 42% respectively against the background without the fertilizers and to 37% in both variants against the background with the fertilizers. The highest yield capacity of spring rape was in the variants of Royal FLO, 48% of water and suspension concentrate + Taboo, 50% of suspension concentrate (5.0+6.0 L/t)+Karate Zeon, 5% of microcapsule water suspension (0,15 L./ha in the phase of sprouting) and Maxim XL 035 FS, 35% of liquid suspension concentrate+Cruiser, 35% of liquid suspension concentrate (5.0+4.0 L/t)+Karate Zeon, 5% of microcapsule water suspension (0.15 L/ha in the phase of sprouting) and ammounted to 0.307 and 0.322 t/ha respectively against the background with the fertilizers and to 0.261 and 0.271 t/ha against the background without the fertilizers. The applied insect/fungicide seed agents have a negative influence on the laboratory germination of spring rapeseed material. The worst indices of germination were in the variants when applying Royal FLO, 48% of water and suspension concentrate (5.0 L/t) and Royal FLO, 48% of water and suspension concentrate+Taboo, 50% of suspension concentrate (5.0+6.0 L/t); on the 9 th day these indices were 77.0% and 76.5% respectively.
